Abstract: A rapid and sensitive spectrophotometric method is developed for the determination of Copper (II) in aqueous DMF medium. The metal ion forms a light greenish yellow coloured complex with 5-bromo salicylaldehyde thiosemicarbazone (5-BSAT) in acidic medium. The complex shows absorption maximum at 390nm. Beer's law is obeyed in the range 0.31 -6.35 gml -1 of Copper (II). The molar absorptivity ( ) and Sandell's sensitivity are found to be 1.08 X 10 4 l mole -1 cm -1 and 0.062 gcm -2 respectively. A method for the determination of copper by third derivative spectrophotometry is also proposed. The methods have been employed successfully for the determination of copper in grape leaves and aluminum based alloy samples.
INTRODUCTION
Copper is an important trace element in animal metabolism. The major concentration of copper in human body is in liver and bones. Blood contains number of copper proteins and it is necessary for the synthesis of haemoglobin. Though copper is essential for human metabolism, it becomes hazardous when present in excess. An excessive accumulation of copper in liver, kidney and brain leads to kidney failure and various neurological abnormalities causing Wilson's disease.
A number of spectrophotometric methods have been developed in recent years for the determination of copper. Among the various organic reagents employed, thiosemicarbazones occupy a significant place [1] [2] [3] [4] . Some of the recently proposed methods using thiosemicarbazones are less sensitive or require the use of solvent extraction [5] [6] [7] [8] . The present paper describes very selective, sensitive, direct and derivative spectrophotometric methods for the determination of micro amounts of copper in aqueous DMF medium by complexing with 5-bromosalicylaldehyde thiosemicarbazone (5-BSAT).
MATERIALS AND METHODS
A Shimadzu UV-Visible spectrophotometer model 160-A equipped with 1cm quartz cells was used for spectrophotometric measurements. The pH measurements were made with a Phillips digital pH meter model pp 9046. Suitable settings for derivative mode were as follows: spectral band width 2nm wavelength readability 0.1 nm increment; scan speed, fast (nearly 2400 nm min -1 ); wavelength accuracy ±0.5nm with automatic wavelength correction.
The reagent 5-bromo salicylaldehyde thiosemicarbazone (III) was prepared by condensing 5-Bromosalicylaldehyde (I) with thiosemicarbazide(II) as reported earlier [9] . The structure of the reagent is as follows:
A 0.01m solution in DMF was used in the studies
Cu(II) Solution
Stock solution of Cu(II) was prepared by dissolving 2.4968 g of Cu SO 4 5H 2 O (AR, BDH) in 1000 ml of distilled water and standardized iodometrically [10] . Working solutions were prepared by diluting the stock solution to an appropriate volume.
Buffer solutions were prepared by employing 1M HCl and 1M CH 3 COONa (pH 1-3) and 0.2M acetic acid and 0.2M sodium acetate (pH 3.5-7.0). All other chemicals used were of A.R. grade.
Procedures
Direct Spectrophotometry: In each of a set of different 10 ml standard flasks, 5ml buffer solution (pH 4.5), various volumes (0.1-2.0ml of 5X10 -4 M) of Cu(II) solution, DMF (1.5ml) and 1ml of reagent (5-BSAT) solution (1X10 -2 M ) were taken and made up to the mark with distilled water. The absorbance was measured at 390nm against the reagent blank. The calibration curve was prepared by plotting absorbance against the amount of copper.
Derivative Spectrophotometry: For the above solutions the first, second, third and fourth derivative spectra were recorded at 400-600nm. The derivative amplitudes of the crusts and troughs of various ordered derivative curves were measured at appropriate wavelengths and plotted against the amount of Cu(II) to get the determinable ranges. 
RESULTS AND DISCUSSION
The absorption spectra of greenish yellow coloured of [Cu (II)-BSAT] complex solution and the reagent blank were recorded in the wavelength region 360-600 nm and shown in Fig. (1) . It was observed that the complex showed the maximum absorbance at 390 nm where the reagent blank had negligible absorbance. Hence, the analysis was carried out at 390 nm.
Studies on the effect of variation in pH of the reaction mixture over the absorbance exhibited that a single complex species with a constant and maximum absorbance in the pH range 4.0-5.0 formed in the entire pH range of study. A five fold molar excess of the reagent was necessary for the maximum colour development. The yellowish green colour formation between Cu (II) and the reagent was instantaneous and the colour was stable for more than 24 hours.
Beer's law was obeyed in the concentration range 0.31-6.35 g ml -1 of Cu(II). The molar absorptivity of the complex at 390nm and at pH 4.5 was 1.08X10 4 L mol -1 cm -1 . The Sandell's sensitivity of the method was found to be 0.062 gcm -2 . The standard deviation of the method for ten determinations of 3.81 g ml -1 of Cu(II) was ± 0.0021.
The composition of the complex determined using Job's and mole-ratio methods, was found to be 1:1. The stability constant determined by Job's method was 4.30X10 5 .
Effect of Foreign Ions
The selectivity of the proposed method was evaluated by studying the effect of diverse ions on the absorbance of the experimental solution. The tolerance levels of the diverse ions were calculated as the amounts caused an error in absorbance by + 2.0%. The results are presented in Table 1 . It can be seen from the table that large number of foreign ions does not interfere in the present method. However Fe(III) (180-fold) Ni(II) (100-fold), Al(III) (130-fold) were masked with phosphate, citrate and fluoride respectively.
Determination of Cu(II) by Derivative Spectrophotometry
Derivative spectrophometric methods have been developed for the determination of copper in lower amounts than the zero order method. The first and second derivative spectra showed maximum amplitude at 415nm and at 430nm respectively. The third derivative curve exhibited zero amplitude at 430.2nm and maximum amplitude at 445nm. For the fourth derivative spectrum, the zero point and the maximum amplitudes were at 448.2nm and 460nm respectively (Fig.  2) . All the derivative amplitudes were found to be proportional to the concentration of Cu(II). The plots between the derivative amplitude of the respective curve and concentration of Cu(II) were found to be linear in the range 0. 15 
Applications
The proposed direct and third derivative spectrophometric methods were employed for the determination of Cu(II) in aluminium based alloy samples and in grape leaves. The aluminum based alloy samples were obtained from Bureau of Analysed Samples (BAS) and the grape leaves were procured from the grape gardens in the surroundings of Anantapur town, Andhra Pradesh, India. The extract of the leaf sample was obtained from Andhra Pradesh Agricultural Research Institute (APARI), Hyderabad. The sample solution was prepared following the procedure described by Piper [11] . The sample solution thus prepared was diluted appropriately with distilled water and analyzed for copper.0.5ml of 0.5M citrate solution was added to mask iron(II).
Solutions of the aluminium based alloy samples were prepared by the following procedure. About 0.4g alloy sample was treated with 15ml of 1:1 HCl. To this, 3ml of HNO 3 were added and boiled until dissolution was complete. 10 ml of water and 40 ml of ammonium hydroxide solution were added and filtered through a whatman no.41 filter paper. The filtrate was collected into 250ml volumetric flask and made upto the mark with distilled water. The sample solutions were appropriately diluted and analyzed for copper. 0.5ml of 0.5M citrate solution was added to mask iron and nickel. The amount of copper present in the samples was calculated from the predetermined calibration plot. The results obtained in these studies are presented in Table 2 .
The results of the present method were compared ( Table  3 ) with those reported in the literature employing thiosemicarbazones. Most of the reported methods require rigid experimental conditions. The more sensitive methods involve extraction procedure. The derivative method is suitable for the determination of Cu(II) in microgram quantities in vegetable tissues.
CONCLUSION
The proposed direct and derivative spectrophotometric methods are simple, fast, sensitive and reasonably selective for the determination of copper in complex materials. The comparison of the results of the present method with already reported methods (Table 3) reveals that the present method is more sensitive than many methods except those proposed by Lodhi et al. [10] , Khanis et al. [11] and Leyva et al. [13] .
